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metat hydroxides; in j^f Wuffident to maintain the water 
content of the product mixture at lew than about B% by 
v^:^- . i weight during . neutralization with phenol , the preferred 
product and sodium hydroxide the preferred hydroxide.-^ 
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PROCESS FOR DIRECT NEU'iRALIZATION OF PRODUCT 
MIXTURE RESULTING FROM ACID CATALYZED CLEAVAGE 
OR ALKYL AROMATIC HYDROPEROXIDES 



B ACKGROUND OF THE INVENTION 
This Invention relates to an improvement in the manufacture 
of hydroxy aromatic compounds by acid catalyzed decomposition, re- 
arrangement or cleavage of alkyl aromatic hydroperoxides and removal 
of the inroganic acid catalysts and, in particular, to a water con- 
trol neutralization process wherein substantially non-aqueous metal 
hydroxide solutions are used to neutralize the acid catalyst and 
water- addition is subject to close control. Neutralization and re- 
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tial water solubilUy, the aqueous wash retains a significant quan- 
tity' of o product. Therefore, removal of the acid catalyst by 
an aqueous wash results in a yield loss and increase in waste load 
on water treating facilities as well as increased energy requirements 
in purification. Furthermore, the inorganic salts dissolved in the 
organic phase arc concentrated in the residual heavy tars and cause a 
serious problem where the tars are to be burned lor fuel. 



0085289 

20-19-9123 



- 2 - 



It has now been found that the acid catalyst can be removed 
by addition of a limited amount of metal hydroxide to the crude 
product mixture under pH control and low water content. By careful 
control of conditions an organic product is produced which contains 
less than about 6 wt X and preferably less than 3 wt % waterV less 
than about 100 ppm inorganic salts and essentially no acidic;. catalyst. 




25 t ral i zed product mi xture , cwit r^Jng^'the p^^ ^t^^-^''^* 

ture between about 50°C and the" boil ing point of the mixtuf^^^^^^ main- 
taining the water content of the crude product mixture at below 6X 
by wt, removing the resultant acid salt as formed and separating the 
rearrangement products from the neutralized crude product mixture. 
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DE'^AILED DESCRIPTION OF THE INVENTION 

An important aspect of the nt j\ ra 1 i z at S on process of the 
invention is that by careful control of the amount of water in the 
neutralizing agent and the conditions during neut ral i za. . vXi the 
organic phase of the crude reaction product mixture will contain 
less than about 6 ut X and preferably less than 3 wt % water, less 
than about 100 ppm inorganic salts and essentially no acid catalyst. 

In maintaining the amount of water present during neutraliza- 
tion at less than about 6 wt X there are a number of possible sources 
of water to be considered- The crude cleavage reaction product con- 
tains about 1.0 wt X up to a maximum of about 2-5 wt % water from the 
reactants and the cleavage reaction. The exact amount of water in 
the crude product is easily determined by a water analyzer or other 
suitable means. Additionally, water is usually introduced into the 
mixture to remove the sodium sulfate formed, £^s a result of neutrali- 
zation, from the mixture. Current cleavage processes frequently in- 
cluded treating of hydroxyacetone by-product with caustic which causes 
sodium phenate to be formed. This sodium phenate is recycled to re- 
cover product phenol by acid neutralization producing sodium salts such 
as sodium sulfate. Neutralization of the crude product mixture 
according to the prior art thus includes a large amount of added 
water, about 6-10 wt X for removal of sodium sulfate. Two liquid 
phases are present in the crude mixture, an organic liquid phase 
containing 10-14 wt X water, and an aqueous sodium sulfate rich brine 
phase. Circulating sodium sulfate brine is used as the neutralizing 
agent to extract sulfuric acid from the organic phase which contains 
8-lA wt X water and about 300-800 ppm sodium sulfate. 

The neutralization process of this invention avoids intro- 
duction of substantial amounts of additional water into the crude 
product mixture from the neutralization agent and there is no aqueous 
sodium sulfate brine phase. By maintaining the water content at below 
6 wt :: and preferably between about 1 and ^% by wt in the crude 
product mixture, a liquid organic phase and a solid phase will result 
from the neutralization. The phase separation caused by direct 
addition of essentially non-aauecus concentrated neutraHnrig aoenx 
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enables separating an organic phase containing less than about 100 
ppm sodium sulfate. Most of the sodium sulfate has precipitated in 
the solid phase. After neutralization, the water content of the 
organic phase is less than about 67. and most preferably \cs ' than 3% 
water. Any substantial amounts of wat*r in excess of about 6% by 
weight will cause additional quantities of inorganic salts to be 
carried forward in the organic product and is thus to be avoided. 

In order to minimize water concentration and facilitate the 
said catalyst removal from the crude product mixture^ the neutrali- 
zing agent is utilized in any convenient low water containing form 
such as the anhydrous base» a concentrated aqueous solution or a con- 
centrated aqueous solution thereof that has been diluted by a non- 
aqueous solvent- By using the neut ral i z .nti agent in such form the 
amount of water added to the crude product mixture will not exceed 
about 3% by wt thus resulting in a total water content of less than 
about 6 wt Z being present during neutralization. The salt formed 
as a result of such neutralization precipitates and is readily sepa- 
rated by any suitable means. While any type of inert non-aqueous 
solvent which is miscible in the reaction mixture may be used, it is 
preferred that the hydroxide be dissolved in neutralized acid-free 
reaction product mixture such as a neutralized phenol-acetone mixture. 
After dissolution in the solvent, the concentration of hydroxide is 
preferably about one-fourth to four times the normality of the acid 
catalyst in the crude product mixture and most preferably of approxi- 
mately the same equivalent concentration as that of the acid cata- 
lyst. A typical concentration range for the acid catalyst in the 
mixture is from about 0-10 to 0-5 wt 

The crude product mixture to which the invention relates con- 
sists of a mixture of cleavage products and by-products. For example 
acid catalyzed cleavage of cumene hydroperoxide usually produces a 
mixture of phenol and acetone products, acid catalyst, water and by- 
products such as a-methyl styrene, hydroxyace t one and heavy tars. 
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Any of the alkyl aromatic hydroperoxides may be subjected to 
acid catalyzed cleavage to form the erode product mixture used in the 
practice of the invention- For example, cumene hydroperoxide, also 
known as isopropylbenzene hydroperoxide, from which phenol is pro- 
duced, p-di-isopropylbenzene hydroperoxide which yields hydroquinone 
and ro-di-isopropylbenzene hydroperoxide from which resorcinol is de- 
rived may be used. 

The temperature of the crude reaction mixture during neutra- 
lization may vary from about 20^C to the boiling point of the mixture- 
The solid precipitate is preferably and much more easily separable 
from the liquid if the neutralization is done in excess of 50°C up to 
the boiling point of the mixture. 

Although sulfuric acid is the catalyst of choice in the alkyl 
aromatic hydroperoxide cleavage reaction, the neutralization method 
of the invention applies as well tc any of the other inorganic acids, 
for example, arsenic, bromic, iodic, phosphoric, selenic and sul- 
fonic which form water soluble salts and which may be used in the 
cleavage reaction. 

The quantity of neutralizing agent to be used is that amount 
sufficient to neutralize the amount of acid catalyst present in the 
reaction mixture and is easily cor,trolled by pH, a measurable quan- 
tity which allows precise control. The pH is controlled within the 
range of between about 2 and 7, preferably between about 3 and 5, 
^nd within this >ang^ the pr desirably contains less than about 

100 ppm ash (as determined by common combustion analysis techniques). 
As the pH of the reaction mixture is normally about 0.5 to 1.0, an 
increase in pH is required to effect neutralization. 

Since an accurate measurement of the pH is a desirable part 
of the control of this process, sufficient water should be present 
for ionization to occur and is present as a normal process constitu- 
ent, but may be added if necessary. About 1 wt % is usually suffi- 
cient. The amount is not critical since water has negligible effect 
on the pH of the reaction mixture. 
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Neutralization of the crude product mixture involves selec- 
tion of one or more of the metal hydroxide neutralizing agents 
enumerated herein which may be used in solid form, as a concentrated 
aqueous solution or diluted with a compatable non-aqueous solvent, 
preferably acid-free product, to give a solution of hydroxide which 
is then ready to be added to the crude product mixture. Sodium 

hydroxide is preferred. 

The invention is further illustrated by the following examples 
in which all parts and percents are by weight unless otherwise indi- 
cated. 

In the examples the neutralization method of the invention is 
used in the sulfuric acid cata;-v-:d cleavage of cumene hydroperoxide 
wherein sulfuric acid and cumenr hydroperoxide are reacted and the 
■crude reaction mixture flows to a mixing vessel where the sodium 
hydroxide neutralizing agent is added directly to the product mix- 
ture. A brine phase is not formed, instead a solid precipitate of 
sodium sulfate is formed and may be removed downf low using conven- 
tional solid/liquid separation procedures such as filtration, settling 
or centrifugation. The neutralizing agent is added preferably as a 
solution in neutralized product mixture diluted to approximately the 
concentration of the acid in the mixture. After removal of the 
sodium sulfate salt the remaining product mixture, now primarily an 
organic phase, is ready for further processing such as distillation 
where acetone, water' and otKer volatile compounds may be recovered. 
The liquid fraction goes to additional distillation columns for 
further refinement and separation. 

EXAMPLE I Continuous Neutralization with Sodium Hydroxide 

The neutralization is carried out in a single, well mixed 
vessel. Average residence time in the vessel is 20 min. 0.5 gpm 
(gallons per minute) of a crude reaction mixture containing AO wt X 
phenol, A5 wt X acetone, 2.0 wt X water, 0.2 wt X H^SO^ catalyst and 
a blend of by-products consisting primarily of acet ophenone , cumene. 
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hydroxyacetone and cx-methyl styrene added to the neutralizrr vessel 
at 63°C. A pump is used to circulate neutralizer contents through 
an external mixing loop at about 5 gpm. A pH control loop is used 
to control addition of 25 wt X aqueous sodium hydroxide neutral. zer 
to this external mixing loop such that the pH is held at 3.5. Neu- 
tralized product containing 0.36 wt X sodium sulfate gravity flows 
to a settling vessel. Clarified overflow from this settler was 
found to contain 130 ppm (parts per million) sodium sulfate and 2.5 
wt X water. After passage through a deep media sand filter, sodium 
sulfate content in the phenol-acetone product was 50 ppm. 

The bottoms from the settler vessel was concentrated to 1.4 
wt X sodium sulfate. This slurry was further concentrated in an 
imperforate basket centrifuge to yield a centrate containing 100 
ppm sodium sulfate and a cake containing 26 wt X sodium sulfate. 
The centrate stream is added to the feed to the sand filter. 

The salt cake is mixed with water at 60°C to separate salt 
from organic components. A two phase system is formed consisting of 
a sodium sulfate brine (-25 wt X) and an organic phase rich in 
phenol and acetone. This organic phase contains 11 «t X water and 
460 ppm dissolved sodium sulfate. Adding this small stream back to 
the filter product has negligible effect on the total water or salt 
content. 

EXAMPLE II Distillation of Crude Keutralized Product 

The cleavage product from Example 1 is distilled through a 
conventional AO-tray coluitn. The column operates continuously under 

the following conditions: 

2.1 Kg/cm^ 

Pressure 

0/F (distillate to feed) 0.67 mole/mole 

External Reflux Ratio O-S^ 
Tray Efficiency '"^^ 
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Feed and product composi t i ens were (wt X) 





Faa.d 


Q^verhKiwad 


bottoms 


Acet one 


45.6 • 


^7.6 


0 


Water 


3.0 


5.6 


0 


Hydroxyacetone 


1900 pgm 


3650 ppm 


3o 


Phenol 


A5.3 - 


.11 


9A.0 


Others 


5.9 


6.0 


6.0 



EXAWLE III Neutralization with Concentrated Potassium Hydroxide 

927 grams of crude cleavage protiuct as described in Example 1 
10 was neutralized to pH A.O by drot*ui»e adc^ition of 25 wt X KOH. After 
filtration through a 10 micron friited filter, the product was found 
to contain 38 ppm pota:si<um sulfate and lees than 3 wt X water. 

EXAMPLE IV Neutralization with Dilute Potassium Hydroxide 
15 25 wt X aqueous MOH is diluted to 2.0 wt X wi<h neutralized, 

filtered cleavage product from Example I. Crude, acidic cleavage 
product was neutralized at 62°C using thMs soVutlon. A*Jition was 
stopped at pH A.O. A-fter flltratiofi, the product was found to con- 
tain 71 ppm potassium sulfate and less than 3 wt Xwater. 

20 EXAMPLE V Neutralization with Alkaline Earth Metals 

Calcium and barium hydroxides and, for conparison, a non- 
effective alkaline earth me<al, magnftsium hydroxide, are combined with 
^ sufficient filtered, neutralized Cxe«ple I cleava^ product to give 0.2 
mole X solutions. Mg(0H)2 Is only slvghtly soluble; CaCOH)^ and 
25 Ba(0H)2 are substantially dissolved. 25 ml of acidic cleavag? 

product as described In Example I Is tre.at«<J dropuise w^th the 
hydroxide solutions until a pH of A. 5 is reached. The Ca(0«)2 and 
BaC0H)2 solutions were effe-ctive and easily controlled tthe pH at 
the A. 5 level. After cent ri fugat ion , the individual prtKXJCts »/ere 
30 found to contain 2-82 ppm CaSC^ a«d 9 ppm B^O^. 
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EX AWL E VI Sodium Kydroxide Neutralization with Higher Water 
Concentrate 

The continuous process described in Example I was operated 
with higher (3.0 wt X) water content in th^ neutraliz^r feed. After 
centrifugation, the clarified organic product was found to contain 
3.6 wt X water and A9 ppm ash (determined as sodium sulfate). 

g yAMPLE VII Neutralization at Various Water Concentrations 

The continuous process of Example I was operated with various 
wt X water levels and the results were as follows: 

Wt X H^O Ash Content in ppm 

6.0 104 
8.0 136 

There are a nufrbcr of advantages to this neutralization 
procedure. After neutralization of the reaction mixture^ an organic 
product rich phase and a solid phase are formed. The neutralized 
product is fr^e of. a.cid. and since almost no additional water has been 
added, total removal of the water present in the mixture is easily 
accomplished in the first distillation column. This results in a major 
energy savings in phenol refining. Less than 100 ppm ash dissolved in 
the product permits the residual distillation tars to be directly 
utilized as a supplemental fuel without additional processing. 
Separation of crude product stream from the neutralized product »ix- 
ture, since it contains low levels of water and dissolved inorganic 
salts, is easily accomplished by known procedures and product purifi- 
cation is simplified and more energy efficient relative to previously 
described processes. 

While the foregoing examples relate to phenol and acetone 
crude reaction mixtures, the invention is not to be considered as re- 
stricted to neutralization of only such mixtures. It will be obvious 
to those s^'il1ed in the art that any acid catalyzed cleavage reaction 
mixtures can be neutralized by the process of this invention. Accord- 
ingly, it is intended that all modifications and variations which 
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reasonably fall within the scope of the appended claims are 
included herein- 
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WE CLAIM: 

1. The process for neutralization of the crude reaction 

product mixture produced by the cleavage of alkyl aromatic hydro- 
peroxides by heating in the presence oi an Inorganic acid catalyst 
characterized by adding to the crude product mixture a neutralizing 
amount of a metal hydroxide selected from lithium^ sodium, potassium, 
rubidium, cesium, calcium, strontium and barium in a form sufficient 
to maintain the amount of water present in the mixture at less than 
about 6X by wt and removing the resultant precipitated salt of the 
acid as formed. 

2. The process of Claim 1 wherein the inorganic acid catalyst 
is sulfuric acki. 

3. The process of Claim 1 wherein the crude product mixture 
consists essent'.ally of phenol* acetone, sulfuric acid, water and 
by-products. 

4. The process of Claim 1 wherein the metal hydroxide is 
selected from lithium hydroxide, sodium hydroxide, potassium 
hydroxide* barium hydroxide and calcium hydroxide. 

5. The process of Claim 4 wherein the octal hydroxide is 
sodium hydroxide. 

6. The process of Claim 1 wherein the amount of water present 
in the mixture is maintained between about 1 and 4X by weight. 

7. The process of Claim 1 wherein the hydroxide is dissolved 
in a phenol and acetone mixture. 

8. The process for neutralization of the crude phenol-acetone 
reaction product mixture produced by the cleavage of cumene hydro- 
peroxide by heating in the presence of sulfuric acid characterized 
by adding to the mixture a neutralizing amount of a metal hydroxide 
selected from lithium, sodium, potassium, rubidium, cesium, calcium. 
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stronium and barium dissolved In a phenol and acetone solvent^ said 
hydroxide being present at a concentration of about one-fourth to four 
t1n.es the normality of the sulfuric add In the mixture, controning 
the pH of said mixture between about t and 7, regulating the tempera- 
ture between about 20°C and the boiling point of the mixture, main- 
taining the amount of water present In the mixture at less than about 
6X by wt and removing the resultant precipitated sodium sulfate salt 
as formed. 

9. The process of Claim 8 wherein the temperature 1$ between 
about SO^C and boiling point of the mixture. 

10. The process of Claim 8 wherein the concentration of hydroxide 
is about equivalent to the concentration of sulfuric acid in the mix- 
ture. 

n. The process of Claim 10 wherein the hydroxide is sodium 
hydroxide. 

12. The process of Claim 8 wherein the pH of the mixture is 
between abour 3 and 5. 

13. The process of Claim 8 wherein the amount of water present 
in the mixture is maintained between about 1 and 4X by weight. 

'U.* ' The process for the production of alkyl aromatic hydro- 
peroxide rearrangement products comprising cleaving alkyl aromatic 
hydroperoxides by heating in the presence of an inorganic acid cata- 
lyst to produce a crude product mixture characterized by adding to 
said mixture a neutralizing amount of a metal hydroxide selected from 
lithium, sodium, potassium, rubidium, cesium, calcium, strontium and 
barium, controlling the pH of the crude product mixture between 
about 2 and 7. regulating the temperature of the crude product mix- 
ture between about 20°C and the boiling point of the mixture, main- 
taining the water content of the crude product mixture at below 6X 
by weight, removing the resultant precipitated inorganic salt as 
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formed and separating the rearrangement products from the neutra- 
lized crude product mixture. 



15. The process for the production of p*^cnol and acetone 

comprising cleaving cumene hydroperoxide by heating in the presence 
of sulfuric acid catalyst to produce a crude phenol and acetof 
mixture characterized by adding to said mixture a neutralizing amount 
of sodium hydroxide dissolved in a phenol and acetone mixed solvent 
at a concentration about equivalent to the concentration of acid 
catalyst in the mixture* controlling the pH of said mixture between 
about 3 and 5, regulating the temperature of said mixture between 
about 20°C and the boiling point of the mixture, maintaining the 
water content of said mixture between about 1 and AX by weight* re- 
moving the resultant precipitated sodium sulfate as formed and 
separating phenol and acetone from the neutralized crude phenol and 
acetone mixture. 
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